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,QWURGXFWLRQ
7KH DOJRULWKPV JURXS DW WKH GHSDUWPHQW RI FRPSXWHU VFLHQFH RI 7HFKQLVFKH8QLYHUVLWlW'DUPVWDGW KDV D ORQJ
WUDFNUHFRUGLQGHYHORSLQJPXOWLFULWHULDWLPHWDEOHLQIRUPDWLRQV\VWHPV0OOHU+DQQHPDQQHWDODQG
'LVVHUHWDO6LQFHRXUV\VWHPVDUHFDSDEOHRI LQFRUSRUDWLQJUHDO WLPH LQIRUPDWLRQ7KLVDOORZVXV WR
VXSSRUWWKHWUDYHOHULQFDVHRIGHOD\V)UHGHHWDO&XUUHQWUHVHDUFKIRFXVHVRQLQWHUPRGDOWUDYHOLQIRUPDWLRQ
V\VWHPVLQFRUSRUDWLQJSXEOLFDVZHOODVSULYDWHWUDQVSRUWDWLRQ*QGOLQJHWDO
0RWLYDWLRQ
&XUUHQW DQG IXWXUHPRELOLW\ UHTXLUHPHQWV GHPDQG LQWHOOLJHQW VROXWLRQV 5LGHVKDULQJ LV JDLQLQJ LQ LPSRUWDQFH
DQG\LHOGVEHQHILWVFRPSDUHGWRFRVWO\HFRXQIULHQGO\LQGLYLGXDOFDUULGHV'\QDPLFULGHVKDULQJPDNHVEHWWHUXVH
RIH[LVWLQJUHVRXUFHVE\EULQJLQJWUDYHOHUVZLWKPDWFKLQJURXWHVWRJHWKHU3DUWLFLSDWLQJGULYHUVDQGSDVVHQJHUVFDQ
EHPDWFKHG RQGHPDQG RU LQ DGYDQFH 7KLV LV GRQH E\ FDOFXODWLQJ WKH GHWRXU UHTXLUHG IRU WKH GULYHU WR JLYH WKH
UHVSHFWLYHSRWHQWLDOSDVVHQJHUDOLIW,IWKHUHVXOWPDWFKHVFHUWDLQFULWHULDERWKWKHGULYHUDQGWKHSRWHQWLDOSDVVHQJHU
UHFHLYHDQRIIHUDQGGHFLGHZKHWKHUWRDFFHSWRUGHFOLQH
2XUH[LVWLQJPXOWLPRGDOURXWLQJV\VWHPFRPSXWHVGRRUWRGRRUFRQQHFWLRQVE\LQFRUSRUDWLQJSXEOLFDQGSULYDWH
WUDQVSRUWDWLRQ,WRSWLPL]HVWKHFULWHULDWUDYHOGXUDWLRQDQGQXPEHURIWUDLQDQGPRGHFKDQJHVZKLOHWKHSULFHLVDOVR
WDNHQLQWRDFFRXQW,QWKLVZRUNZHSUHVHQWDQDSSURDFKWRIXOILOOIXWXUHLQGLYLGXDOWUDIILFGHPDQGVE\SURSRVLQJD
MRXUQH\LQIRUPDWLRQV\VWHPZKLFKDGGVG\QDPLFULGHVKDULQJWRRXUURXWLQJV\VWHP
7KHPRWLYDWLRQLVWKDWERWKWKHVHPRGHVDUHFRPSOHPHQWDU\2QWKHRQHKDQGSXEOLFWUDQVSRUWLVTXLWHVSDUVHLQ
VRPHUHJLRQVEXWG\QDPLFULGHVKDULQJRIIHUVWRUHDFKDUHDVZLWKOLPLWHGSXEOLFWUDQVSRUWFRQQHFWLYLW\2QWKHRWKHU
KDQG WKHQXPEHURIG\QDPLFULGHVKDULQJRIIHUV UHOHYDQW IRUDTXHU\ LQFUHDVHVZKHQDOORZLQJURXWHVZKLFKEULQJ
WKHSDVVHQJHUWRDVWDWLRQZKHUHKHFDQFRQWLQXHKLVMRXUQH\XVLQJSXEOLFWUDQVSRUW
7KLV ZD\ G\QDPLF ULGHVKDULQJ DV ZHOO DV SXEOLF WUDQVSRUWDWLRQ EHQHILW IURP WKLV FRPELQDWLRQ E\ RIIHULQJ
G\QDPLFULGHVKDULQJWRWUDYHOHUVXVLQJSXEOLFWUDQVSRUWDWLRQWKHFDUXWLOL]DWLRQFDQEHLPSURYHGUHGXFLQJFRVWVIRU
WKHGULYHU)XUWKHUPRUHWKHUHVXOWTXDOLW\RIWLPHWDEOHLQIRUPDWLRQV\VWHPVFDQEHHQKDQFHGE\DGGLWLRQDORSWLPDO
FRQQHFWLRQVZKLFKXVHG\QDPLFULGHVKDULQJ
2XUFRQWULEXWLRQ
,QWKLVZRUNZHDGGUHVVWZRSUREOHPVWRFRPELQHG\QDPLFULGHVKDULQJDQGSXEOLFWUDQVSRUWFRQQHFWLQJSXEOLF
WUDQVSRUW VWDWLRQV E\ G\QDPLF ULGHVKDULQJ FRQQHFWLRQV DQG FRQQHFWLQJ VWDUW DQG GHVWLQDWLRQ RI D TXHU\ WR SXEOLF
WUDQVSRUWVWDWLRQVE\G\QDPLFULGHVKDULQJURXWHV7RVROYHWKHILUVWFKDOOHQJHZHDGGVWDWLRQWRVWDWLRQFRQQHFWLRQV
WKDW DUH GHULYHG IURP G\QDPLF ULGHVKDULQJ RIIHUV WR RXU JUDSK UHSUHVHQWDWLRQ LQ D SUHSURFHVVLQJ VWHS 7KHVH
FRQQHFWLRQVFDQEHXSGDWHGZKHQPDWFKHVDUHDJUHHGXSRQRIIHUVDUHZLWKGUDZQRUQHZRQHVDUHDYDLODEOH7KH
VHFRQG FKDOOHQJH UHTXLUHV WKH VHOHFWLRQ RI VXLWDEOH ULGHVKDULQJ RIIHUV WKDW DOORZ IRU D FRQQHFWLRQ IURP WKH VWDUW
ORFDWLRQWRDVWDWLRQRUIURPDVWDWLRQWRWKHGHVWLQDWLRQORFDWLRQ6LQFHWKHVRXUFHDQGGHVWLQDWLRQDGGUHVVDUHJLYHQ
LQWKHLQGLYLGXDOTXHULHVDQGDUHQRWNQRZQEHIRUHKDQGLQFRQWUDVWWRWKHVHWRIVWDWLRQVWKLVVWHSQHHGVWREHFDUULHG
RXWRQWKHIO\IRUHDFKTXHU\
6WDWHRIWKH$UW
,QWKHOLWHUDWXUHGLIIHUHQWPXOWLPRGDOVHDUFKDOJRULWKPVFRPELQLQJSXEOLFDQGSULYDWHWUDQVSRUWDWLRQKDYHEHHQ
GHVFULEHGVHHWKHUHFHQWVXUYH\%DVWHWDO7KHUHDUHDOVRFRPPHUFLDOV\VWHPVDYDLODEOH7RWKHEHVWRIRXU
NQRZOHGJHQHLWKHURIWKHVHILQGRSWLPDOFRQQHFWLRQVFRPELQLQJSXEOLFWUDQVSRUWDQGG\QDPLFULGHVKDULQJ
 
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7UDYHO,QIRUPDWLRQ6\VWHP
7RHQDEOHWKHVHDUFKIRURSWLPDOFRQQHFWLRQVFRPELQLQJSXEOLFWUDQVSRUWDWLRQDVZHOODVULGHVKDULQJZHH[WHQG
RXUH[LVWLQJWUDYHOLQIRUPDWLRQV\VWHP7,6ZKLFKFRPSXWHVMRXUQH\VIRUDJLYHQXVHUTXHU\WKDWFRQWDLQVVWDUWDQG
GHVWLQDWLRQORFDWLRQVWDUWWLPHLQWHUYDODQGWUDQVSRUWDWLRQPRGHVHOHFWLRQ7KHUHVXOWLQJMRXUQH\VDUH3DUHWRRSWLPDO
UHJDUGLQJ WKH RSWLPL]DWLRQ FULWHULD WUDYHO GXUDWLRQ DQG QXPEHU RI LQWHUFKDQJHV $OO FRPSXWHG MRXUQH\V VKDUH WKH
IROORZLQJ VWUXFWXUH ILUVW IURP WKH VWDUW ORFDWLRQ SULYDWH WUDQVSRUWDWLRQ LV XVHG WR UHDFK D VWDWLRQ RI WKH SXEOLF
WUDQVSRUWDWLRQ QHWZRUN 6HFRQGZLWK SXEOLF WUDQVSRUWDWLRQ WKH SDVVHQJHU WUDYHOV WR D VWDWLRQ QHDU WKH GHVWLQDWLRQ
/DVWIURPWKHUHWKHGHVWLQDWLRQORFDWLRQLVUHDFKHGE\SULYDWHWUDQVSRUWDWLRQDJDLQ
3ULPDULO\ 7,6 FRPSXWHV FRQQHFWLRQV LQ WKH SXEOLF WUDQVSRUWDWLRQ QHWZRUN LQFOXGLQJ SRWHQWLDO ZDONV EHWZHHQ
VWDWLRQVZKLFKDUHFORVHWRHDFKRWKHU)RUWKHSULYDWHWUDQVSRUWDWLRQSDUWVRIWKHPXOWLPRGDOFRQQHFWLRQVZHXVHD
WKLUGSDUW\URXWLQJVHUYLFH2650/X[HQDQG9HWWHU
+HUHZHEULHIO\H[SODLQWKHWLPHGHSHQGHQWJUDSKPRGHOLQ7,67KLVVLPSOLILHGGHVFULSWLRQIROORZV'LVVHUHW
DO,QWKHWLPHWDEOHWKHUHLVDVHWRIWUDQVSRUWV࣮DQGDVHWRIVWDWLRQV࣭(DFKWUDQVSRUWݐ א ࣮FRQVLVWVRID
VHWRIHOHPHQWDU\FRQQHFWLRQVࣟሺሻ+HQFHDQHOHPHQWDU\FRQQHFWLRQPRGHOVD WUDLQUXQIURPDVWDWLRQ WRDQRWKHU
VWDWLRQZLWKRXW LQWHUPHGLDWH VWRSV7KH VHW RI DOO HOHPHQWDU\ FRQQHFWLRQVRI DOO WUDLQV LV GHQRWHGE\ࣟ ,Q D WLPH
GHSHQGHQWJUDSKܩ ൌ ሺܸǡ ܧሻ IRUHDFKVWDWLRQ א ࣭ WKHUH LVDVWDWLRQQRGHݒ௦ א ܸLQ WKHJUDSK7KHUH LVDQHGJH
 ൌ ሺݒ௔ǡ ݒ௕ሻEHWZHHQWZRVWDWLRQQRGHVݒ௔ǡ ݒ௕ א ܸLIWKHUHLVDWOHDVWRQHHOHPHQWDU\FRQQHFWLRQܿ א ࣟIURPVWDWLRQ
 א ࣭WRVWDWLRQ א ࣭)RUDFRUUHFWPRGHOLQJRILQWHUFKDQJHVWKHJUDSKFRQWDLQVDGGLWLRQDOQRGHDQGHGJHW\SHV
ZKLFKDUHVNLSSHGKHUH$IXOOGHVFULSWLRQFDQEHIRXQGLQ'LVVHUHWDO
(DFKHGJH ൌ ሺݒ௔ǡ ݒ௕ሻ א ࣟKDVDGXUDWLRQDQGDFRVW7KHGXUDWLRQLVWLPHGHSHQGHQWDQGLVGHWHUPLQHGGXULQJ
WKHVHDUFK,IWKHHGJHLVXVHGDWWLPHĲWKHGXUDWLRQRIWKHHGJHHTXDOVWKHGLIIHUHQFHEHWZHHQWKHDUULYDOWLPHDWWKH
KHDGVWDWLRQRIWKHHGJHRIWKHILUVWHOHPHQWDU\FRQQHFWLRQGHSDUWLQJIURPݒ௔DIWHUĲDQGWLPHĲ7KHUHDUHDOVRIRRW
HGJHVLQWKHJUDSKWRDOORZZDONVIURPDVWDWLRQWRRWKHUVWDWLRQVZLWKLQZDONLQJGLVWDQFH7KHVHHGJHVDUHQRWWLPH
GHSHQGHQWEXWUHWXUQDFRQVWDQWHGJHFRVWUHSUHVHQWLQJWKHWLPHUHTXLUHGWRUHDFKWKHRWKHUVWDWLRQE\IRRW
'\QDPLF5LGH6KDULQJ
,Q WKLV VHFWLRQ ZH ZLOO LQWURGXFH RXU SURILW PRGHO IRU GULYHUV DQG GHVFULEH WKH VFHQDULRV ³FRQQHFWLQJ SXEOLF
WUDQVSRUW VWDWLRQV´DQG³FRQQHFWLQJ VWDUW DQGGHVWLQDWLRQRIDTXHU\ WRSXEOLF WUDQVSRUW VWDWLRQV´E\G\QDPLF ULGH
VKDULQJURXWHV ,Q WKHILUVWVFHQDULRVWDWLRQV LQRXUSXEOLF WUDQVSRUWDWLRQJUDSKDUHFRQQHFWHG WRHDFKRWKHU,Q WKH
VHFRQGVFHQDULRDQDGGUHVVSURYLGHGE\WKHXVHULVFRQQHFWHGZLWKDSXEOLFWUDQVSRUWVWDWLRQ



)LJXUH5HURXWLQJDGULYHU7KHGULYHU¶VMRXUQH\LVIURPVWDUWWRGHVWLQDWLRQ$SRWHQWLDOG\QDPLFULGHVKDULQJPDWFKUHURXWHVWKHGULYHUYLD
SLFNXSDQGGURSRII1RWHWKDWSLFNXSDQGGURSRIIGRQRWQHHGWREHORFDWHGFORVHWRWKHRULJLQDOURXWHGRWWHGDUHDRIWKHGULYHUDVORQJDVWKH
FRQVWUDLQWVUHJDUGLQJGHWRXUDQGSURILWKROG

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$VVKRZQLQ)LJXUHDGULYHUSURYLGHVDURXWHIURPDVWDUW ORFDWLRQWRDGHVWLQDWLRQORFDWLRQWRJHWKHUZLWKKLV
GHSDUWXUH WLPH3DVVHQJHUVDUH LQWHUHVWHG LQD ULGH WKDWGRHVQRW QHFHVVDULO\ VWDUW DQGHQGDW WKHGULYHU¶V VWDUW DQG
GHVWLQDWLRQ7KHUHIRUHDSDVVHQJHUKDV WREHSLFNHGXSDQGGURSSHGRIIDWKLV KHUVWDUWDQGGHVWLQDWLRQ ORFDWLRQ
7KHGULYHUPD\DFFHSW WKHGHWRXU LQRUGHU WRJLYH WKHSDVVHQJHUD OLIW6KH+H LV UHURXWHG WRYLVLW WKHSLFNXSDQG
GURS RII ORFDWLRQV 7KH UHVXOWLQJ WLPHV DW WKHVH ORFDWLRQV GHWHUPLQH WKH DYDLODELOLW\ RI WKH G\QDPLF ULGHVKDULQJ
FRQQHFWLRQ DQG DFW DV D VFKHGXOH7R DFFRXQW IRU GHOD\V FDXVHGE\KHDY\ WUDIILF D VDIHW\PDUJLQ LV DGGHG WR WKH
GXUDWLRQRIDOOULGHVKDULQJFRQQHFWLRQVZKHUHWKHGURSRIIORFDWLRQLVQRWWKHILQDOGHVWLQDWLRQRIWKHSDVVHQJHU
7KH SDVVHQJHU EHDUV SDUW RI WKH GULYHU¶V FRVWV :H DVVXPH D UHDVRQDEOH GULYHU ZKR PD[LPL]HV WKH SURILW DV
GHILQHGLQWKHIROORZLQJHTXDWLRQ%\³GXUBGHWRXU´ZHGHQRWHWKHGLIIHUHQFHEHWZHHQWKHGXUDWLRQRIWKHRULJLQDO
MRXUQH\IURPGULYHU¶VVWDUW WRGULYHU¶VGHVWLQDWLRQDQGWKHGXUDWLRQRIWKHURXWHYLDSLFNXSDQGGURSRII)RUWKH
GLIIHUHQFHLQGLVWDQFHZHGHILQH³GLVWBGHWRXU´DQDORJRXVO\%\0ZHGHQRWHWKHFRVWSHUNLORPHWHUZKLFKWKHGULYHU
KDVWRSD\IRUXSNHHSDQGJDV$QKRXUO\ZDJHGHQRWHGE\:FRPSHQVDWHVIRUWKHWLPHUHTXLUHGWRWDNHWKHGHWRXU

̴ ൌ ̴ ڄ ܯ ܿݐ݇݉൅̴ ڄ ܹ
ܿݐ
݉݅݊
 ൌ ̴Ǧ̴


:HGHILQHDQXSSHUERXQGIRUWKHGHWRXUGXUDWLRQDQGGLVWDQFHDQGDORZHUERXQGIRUWKHGULYHU¶VSURILW5LGH
VKDULQJFRQQHFWLRQVWKDWGRQRWVDWLVI\WKHVHERXQGVDUHVNLSSHGVLQFHWKH\DUHQRWDWWUDFWLYHIRUGULYHUV,QRUGHUWR
UHGXFH WKH HIIRUW UHTXLUHG WR ILQG UHDVRQDEOH UHURXWLQJV ZH FRQGXFW SUHFRPSXWDWLRQV XVLQJ WKH VWUDLJKW OLQH
GLVWDQFH )XUWKHU FDOFXODWLRQV FDQ EH VNLSSHG LI WKH UHVXOWV RI WKRVH SUHFRPSXWDWLRQV DOUHDG\ GR QRW PDWFK WKH
GULYHU¶VFULWHULD
6WDWLRQWR6WDWLRQ
2XU V\VWHP HQDEOHV ULGHVKDULQJ FRQQHFWLRQV IURP RQH SXEOLF WUDQVSRUW VWDWLRQ WR DQRWKHU $IWHU WKLV ULGH WKH
SDVVHQJHUFRQWLQXHVKHU KLV MRXUQH\ZLWKDQRWKHU ULGHVKDULQJFRQQHFWLRQSXEOLF WUDQVSRUWDWLRQRUDQ LQGLYLGXDO
WUDQVSRUWWRKHUKLVGHVWLQDWLRQORFDWLRQ8VLQJDQDGGLWLRQDOVHUYLFH³RQWKHIO\´GXULQJWKHVHDUFKGRHVQRW\LHOG
UHDVRQDEOH UHVSRQVH WLPHV )RU SHUIRUPDQFH UHDVRQV WKH LQWHUQDO JUDSK UHSUHVHQWDWLRQ QHHGV WR EH H[WHQGHG WR
FRQWDLQDOOUHDVRQDEOHSRWHQWLDOULGHVKDULQJFRQQHFWLRQV5LGHVKDULQJFDQWKHUHIRUHEHVHHQDVVXSSOHPHQWWRSXEOLF
WUDQVSRUWDWLRQ,QWKHIROORZLQJWKLVXVHFDVHLVGHQRWHGDVVXSSOHPHQWVFHQDULR7KHGULYHUKDVDQRZQ³VFKHGXOH´
DQG HYHU\ SRWHQWLDO FRPELQDWLRQ RI SLFN XS DQG GURS RII ORFDWLRQV FDQ EH VHHQ DV DQ HOHPHQWDU\ FRQQHFWLRQ
7KHUHIRUHDOOUHDVRQDEOHURXWHVIURPSLFNXSWRGURSRIIVWDWLRQVFDQEHDGGHGWRWKHVHWRIHOHPHQWDU\FRQQHFWLRQV
ࣟ2QHDGYDQWDJHRIWKHVXSSOHPHQWFDVHLVWKDWDOOGDWDLVDYDLODEOHVWDWLFDOO\EHIRUHKDQG
7KHUHIRUHZHFDQSUHSURFHVVDOO DYDLODEOHGULYHU¶V URXWHV VWDUWGHVWLQDWLRQDQG WLPH LQRUGHU WR LQWHJUDWHDOO
UHDVRQDEOHG\QDPLF ULGHVKDULQJFRQQHFWLRQV LQWR WKHEDFNERQHJUDSK7KLV VDYHVYDOXDEOH WLPHZKHQFDOFXODWLQJ
RSWLPDOMRXUQH\VIRUWKHXVHU7KHVKHHUDPRXQWRISXEOLFWUDQVSRUWVWDWLRQVOHDGVWRPDQ\SRWHQWLDOSLFNXSGURS
RIIVWDWLRQSDLUV0DQ\VPDOOHUVWDWLRQVRQO\OHDGWRPDUJLQDOO\GLIIHUHQWFRQQHFWLRQV7KHUHIRUHZHGHFLGHGWRIRFXV
RQO\RQWKRVHVWDWLRQVWKDWDUHVHUYHGE\WUDLQVQRWRQO\EXVVHVWUDPVRUVXEZD\V
$GGUHVVWR6WDWLRQDQG6WDWLRQWR$GGUHVV
,Q FDVH RI FRQQHFWLRQV IURP RU WR XVHU SURYLGHG ORFDWLRQV ZH QHHG WR JDWKHU ULGHVKDULQJPDWFKHV RQWKHIO\
7KRVHFDOFXODWLRQVFDQQRWEHFDUULHGRXWEHIRUHKDQGEXWDUHWLPHFULWLFDOEHFDXVHWKHXVHULVZDLWLQJIRUWKHV\VWHP
WRUHVSRQG6LQFHWKLVLVDVSHFLDOFDVHRI³GRRUWRGRRU´URXWLQJZHGHQRWHWKLVFDVHDVGRRUVFHQDULR
7KHEDVLFDSSURDFKLVWRJDWKHUDOOSRWHQWLDOO\XVHIXOULGHVKDULQJRIIHUVWKDWFRXOGWDNHWKHSDVVHQJHUIURPKHU
KLV SURYLGHG VWDUW ORFDWLRQ WR D SXEOLF WUDQVSRUW VWDWLRQ RU IURP D SXEOLF WUDQVSRUW VWDWLRQ WR KHU  KLV SURYLGHG
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GHVWLQDWLRQORFDWLRQ$OOWKHVHFRQQHFWLRQVDUHWKHQWHPSRUDULO\LQWHJUDWHGLQWRWKHJUDSK7KHDOJRULWKPWKHQILQGV
FRQQHFWLRQVWKDWFRQWDLQWKHVHULGHVLIWKLV\LHOGVDQRSWLPDOFRQQHFWLRQ
,WLVEHQHILFLDOIRUWKHV\VWHP¶VSHUIRUPDQFHWRPDNHXVHRIGDWDJHQHUDWHGLQWKHVXSSOHPHQWSUHSURFHVVLQJ:H
DVVXPHWKDWWKHSRVLWLRQVRIDOOSUHYLRXVO\VHOHFWHGSXEOLFWUDQVSRUWVWDWLRQVDUHGLVWULEXWHGDSSUR[LPDWHO\LQXQLIRUP
IDVKLRQ7KHUHIRUHZHDUHDEOHWRVHOHFWUHOHYDQWULGHVKDULQJRIIHUVYHU\IDVW5LGHVKDULQJRIIHUVWKDWFRXOGWDNHWKH
XVHUIURPDSXEOLFWUDQVSRUWVWDWLRQWRKHUKLVGHVWLQDWLRQORFDWLRQFDQHDVLO\EHGHWHUPLQHGE\JDWKHULQJWKHULGHV
ZLWK D GURS RII VWDWLRQ LQ WKH DUHD RI WKH SURYLGHG GHVWLQDWLRQ ORFDWLRQ $V VKRZQ LQ )LJXUH  RQO\ WKH GULYLQJ
GLVWDQFHVIURPWKHRIIHU¶VVWDUWORFDWLRQYLDWKHXVHU¶VORFDWLRQWRWKHPHHWLQJSRLQWQHHGWREHUHFRPSXWHG5HOHYDQW
ULGHVKDULQJ FRQQHFWLRQV IURP WKH XVHU¶V VWDUW ORFDWLRQ WR SXEOLF WUDQVSRUWDWLRQ VWDWLRQV FDQ EH GHWHUPLQHG
DQDORJRXVO\
7KHGLUHFWFRQQHFWLRQFDVHFDQEHVHHQDVDVSHFLDOIRUPRIWKHGRRUVFHQDULR$OOULGHVKDULQJRIIHUVWKDWKDYH
SLFN XS VWDWLRQV QHDU WKH SURYLGHG VWDUW ORFDWLRQ DQG GURS RII VWDWLRQV QHDU WKH SURYLGHG GHVWLQDWLRQ ORFDWLRQ DUH
VXLWDEOHWRHQDEOHDGLUHFWULGHVKDULQJFRQQHFWLRQLIWKHGHSDUWXUHWLPHLVFRQWDLQHGLQWKHXVHUSURYLGHGLQWHUYDO



)LJXUH5HURXWLQJWKHGULYHULQWKHGRRUVFHQDULR([DPSOHVLWXDWLRQIRUWKHSDVVHQJHU¶VGHSDUWXUH'7ZRRIIHUV6WR(6WR(DQGWKUHH
PHHWLQJSRLQWV03KDYHEHHQLGHQWLILHG'RWWHGGLVWDQFHVQHHGWREHURXWHGRQWKHIO\VROLGRQHVDUHNQRZQIURPDSUHSURFHVVLQJVWHS

&RPSXWDWLRQDO6WXG\
2XU SURWRW\SH RI WKH LQIRUPDWLRQ V\VWHP LV LPSOHPHQWHG LQ & DQG HYDOXDWHG RQ DQ ,QWHO ;HRQ  *+]
TXDGFRUH &38 ZLWK  *%PDLQ PHPRU\ 7KH SXEOLF WUDQVSRUW VFKHGXOH ZHUH NLQGO\ SURYLGHG E\ WKH *HUPDQ
UDLOZD\FRPSDQ\'HXWVFKH%DKQDQGFRQWDLQVDOOORQJGLVWDQFHDQGUHJLRQDOWUDLQVLQ*HUPDQ\DVZHOODVEXVVHV
WUDPVDQGXQGHUJURXQGWUDLQVRIVHOHFWHGWUDQVSRUWDWLRQDXWKRULWLHV7KHVFKHGXOHFRQWDLQVVWDWLRQVZKLFK
UHVXOWVLQPLOOLRQQRGHVLQWKHJUDSK)XUWKHUPRUHWKHJUDSKFRQWDLQVPLOOLRQHGJHVZKHUHPLOOLRQPRGHO
WUDLQRSHUDWLRQVDQGWKHUHVWHQDEOHVLQWHUFKDQJHVRUZDONVEHWZHHQVWDWLRQV7KHORQJGLVWDQFHWUDYHOVWDWLRQV
LQ WKH VFKHGXOH DUH VHOHFWHG DV PHHWLQJ SRLQWV 7KH RYHUDOO WLPH ZLQGRZ IRU WKH VFKHGXOH ZDV UHVWULFWHG WR WZR
ZHHNV
,Q RXU HYDOXDWLRQZH XVHG UHDO G\QDPLF ULGHVKDULQJ RIIHUV DQG UHDO FXVWRPHU TXHULHV NLQGO\ SURYLGHG E\ WKH
G\QDPLFULGHVKDULQJVHUYLFHIOLQF7KHGDWDLVDQRQ\PL]HGWRSURWHFWFXVWRPHUSULYDF\DOOFRRUGLQDWHVDUHURXQGHG
WRWZRGHFLPDOSODFHV7KHGDWDVHWFRQWDLQVDERXWRIIHUVDQGPRUHWKDQTXHULHV7KHRIIHUVDQGTXHULHV
DUH HLWKHU RQHRII RU GHILQHG E\ DQ LQWHUYDO DQG DZHHNO\ UHFXUUHQFH SDWWHUQ )RU RXU HYDOXDWLRQZHPDSSHG WKH
TXHULHV DQG RIIHUV WR WKH FRUUHVSRQGLQJ ZHHNGD\V LQ RXU WLPH SHULRG RI WZR ZHHNV 7KLV UHVXOWV LQ 
WHPSRUDOO\XQLTXHRIIHUVDQGTXHULHV6WUHHWURXWLQJLVSURYLGHGE\2650/X[HQDQG9HWWHUZKLFK
RSHUDWHVRQGDWDIURP2SHQ6WUHHW0DS
 
)RUH[DPSOHSDUNLQJDUHDVRUHDVLO\DFFHVLEOHSODFHV
,QWHO;HRQ&38(9#*+]
(YHU\VWDWLRQVHUYHGE\WUDLQVQRWRQO\EXVVHVWUDPVDQGVXEZD\V
3URMHFW2SHQ6WUHHW0DSKWWSVZZZRSHQVWUHHWPDSRUJ
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
3UHSURFHVVLQJ
7KH DSSURDFK IRU WKH VXSSOHPHQW VFHQDULR UHOLHV RQ SUHSURFHVVLQJ ZKHUH VWUHHWURXWLQJ LV WKH PRVW WLPH
FRQVXPLQJWDVN+RZHYHUZHSURILWIURPWKHIDFWWKDWWKHEDFNERQHRIRXUV\VWHPWKHSXEOLFWUDQVSRUWVWDWLRQVLV
VWDWLF7KHUHIRUHZHFKRRVHWRFRPSXWHDOOSRVVLEO\UHTXLUHGGLVWDQFHVLQRQHJRDQGSHUIRUPWKHDFWXDOSURFHVVLQJ
RIURXWHDSSURYDODFFRUGLQJWRWKHGULYHU¶VSURILWPRGHODQGHGJHJHQHUDWLRQDIWHUZDUGV
7KH VWUHHWURXWLQJ VWHS LV FRPSOHWHG LQ OHVV WKDQ WZR KRXUV IRU WKH FRPSOHWH HYDOXDWLRQ GDWDVHW ZKLOH DGGLQJ
DQRWKHURIIHUZRXOGWDNHRQO\WHQVHFRQGV7KHDFWXDOSUHSURFHVVLQJUXQVLQRQHPLQXWHDQGWHQVHFRQGVWKHUHRI
VHFRQGVIRUURXWHVDSSURYDOVHFRQGVIRUHGJHJHQHUDWLRQ
(YDOXDWLRQ$SSURDFK
7KH FRPSXWDWLRQDO VWXG\ IRFXVHV RQ WKH H[WHQVLRQ RI RXU H[LVWLQJ LQIRUPDWLRQ V\VWHP ZLWK ULGHVKDULQJ $V
EDVHOLQHZHFRQILJXUHRXUV\VWHPZLWKWKHSXEOLFWUDQVSRUWVFKHGXOHDQGZDONLQJVXSWRPLQXWHVIURPWKHVWDUWWR
WKH ³ILUVW VWDWLRQ´ DQG IURP WKH ³ODVW VWDWLRQ´ WR WKH GHVWLQDWLRQ 7KH HYDOXDWLRQ LV FDUULHG RXW LQ IRXU GLIIHUHQW
FRQILJXUDWLRQVQRULGHVKDULQJDWDOOULGHVKDULQJLQWKHVXSSOHPHQWVFHQDULRULGHVKDULQJLQWKHGRRUVFHQDULRWKH
IXOO V\VWHP ZLWK ERWK VFHQDULRV 7ZR TXHVWLRQV DUH H[DPLQHG +RZ LV WKH UHVXOW TXDOLW\ DIIHFWHG LQ WKH YDULRXV
VFHQDULRVDQGZKDWDUHWKHSHUIRUPDQFHILJXUHVWKDWGLUHFWO\LPSDFWWKHXVHUH[SHULHQFH"
,QRUGHUWRDVVHVVWKHUHVXOWTXDOLW\WKHTXHU\VHWLVSDUWLWLRQHG7KHILUVWVXEVHWFRQWDLQVDOOTXHULHVIRUZKLFKWKH
EDVHOLQHGHOLYHUVDFRQQHFWLRQ7KHVHDUHRIDOOTXHULHVDQGWKH\ZLOOEHXVHGWRMXGJHZKHWKHUFRPELQLQJ
ULGHVKDULQJZLWKSXEOLFWUDQVSRUWUHVXOWVLQFRQQHFWLRQVWKDWDUHEHWWHUFRPSDUHGWRFRQQHFWLRQVWKDWRQO\XVHSXEOLF
WUDQVSRUW,QWKHUHVWRIWKLVSDSHUZHGHQRWHVXFKEHWWHUFRQQHFWLRQVDVEHWWHUDOWHUQDWLYHV
)RURWKHURIDOOTXHULHV WKHEDVHOLQHGRHVQRWGHOLYHUDFRQQHFWLRQ)RU WKHPFRPELQLQJG\QDPLFULGH
VKDULQJZLWKSXEOLFWUDQVSRUWLVDFKDQFHWRHQDEOHMRXUQH\VLQWKHILUVWSODFH+RZHYHUIRUWKHUHPDLQLQJRI
WKHTXHULHVQRPDWFKLQJRIIHUVDUHDYDLODEOHZKLFKPDUNVWKHPDVWKHXQDQVZHUDEOHXSIURQW7KHVHTXHULHVDUHQRW
FRQVLGHUHGLQWKHUHVWRIWKLVVWXG\
%HWWHU$OWHUQDWLYHV
,QWKLVHYDOXDWLRQWKHLQIRUPDWLRQV\VWHPSURFHVVHVWKHILUVWVXEVHWRIWKHTXHU\VHWTXHULHVWKDWFDQEHDQVZHUHG
E\WKHEDVHOLQH7DEOHSUHVHQWVWKHLPSURYHPHQWVZKHQULGHVKDULQJLVLQFOXGHGLQWKHGLIIHUHQWFRQILJXUDWLRQV
,WKDVWREHQRWLFHGWKDWWKHGRRUVFHQDULR\LHOGVVLJQLILFDQWO\PRUHLPSURYHPHQWVWKDQWKHVXSSOHPHQWVFHQDULR
<HW HYHQ IRU WKH VXSSOHPHQW VFHQDULRZH FRXOG ORZHU WKHPLQLPXPQXPEHURI UHTXLUHG LQWHUFKDQJHV IRU RYHU D
TXDUWHURIWKHTXHULHVE\,QWKHGRRUDQGIXOOVFHQDULRVWKHIDVWHVWFRQQHFWLRQFRXOGEHLPSURYHGLQRYHUDILIWKRI
WKH TXHULHV RQ DYHUDJH E\ PRUH WKDQ  PLQXWHV )RU RYHU D WKLUG RI WKH TXHULHV ZH ZHUH DEOH WR VDYH RQH
LQWHUFKDQJHRQWKHFRQQHFWLRQVZLWKWKHOHDVWQXPEHURILQWHUFKDQJHV
2QWKHRQHKDQGWKHKLJKVDYLQJSRWHQWLDOUHVXOWVIURPDQXPEHURIPRGHUDWHLPSURYHPHQWV2QWKHRWKHUKDQG
VRPHUHVXOWVZKHUHWKHLQIRUPDWLRQV\VWHPEDUHO\IRXQGDFRQQHFWLRQZLWKRXWULGHVKDULQJEHQHILWHGVLJQLILFDQWO\
IURP WKH QHZ SRVVLELOLWLHV DQGZHUH WXUQHG LQWR KLJKO\ DWWUDFWLYH WUDYHO RSSRUWXQLWLHV 7KLV VKRZV WKDW D V\VWHP
LQFRUSRUDWLQJG\QDPLFULGHVKDULQJLPSURYHVWKHRYHUDOOTXDOLW\RIWKHFRQQHFWLRQVRIIHUHGWRWKHXVHUV




 
$OORIIHUVWDUWVWRDOOPHHWLQJSRLQWVDOOPHHWLQJSRLQWVWRDOORIIHUHQGVDQGWKHIXOOPHHWLQJSRLQWGLVWDQFHPDWUL[
(VSHFLDOO\ZKHQXVLQJGRRUVFHQDULRFRQQHFWLRQVLQWKHODWHKRXUVRIWKHGD\DQGWREULGJHDUHDVZLWKVSDUVHQHDUGLVWDQFHWUDQVSRUWDWLRQ
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7DEOH,PSURYHPHQWVDFKLHYHGE\LQFOXGLQJG\QDPLFULGHVKDULQJ5RZVVKRZWKHLPSURYHPHQWVRYHUWKHUHIHUHQFHV\VWHPZLWKRXWG\QDPLF
ULGHVKDULQJ&ROXPQV³EHWWHU´JLYHWKHSHUFHQWDJHRITXHULHVZLWKEHWWHUUHVXOWV&ROXPQV³DYJLPSU´VKRZWKHDYHUDJHLPSURYHPHQWRYHU
WKHVHUHVSRQVHV
 FULWHULRQGXUDWLRQ FULWHULRQWUDQVIHUV
 EHWWHU DYJLPSU EHWWHU DYJLPSU
VXSSO  PLQ  
GRRU  PLQ  
IXOO  PLQ  
(QDEOH-RXUQH\V
,Q WKLV HYDOXDWLRQ WKH LQIRUPDWLRQ V\VWHPXVHV ULGHVKDULQJ WR HQDEOH MRXUQH\V WKDW DUH LPSRVVLEOHZLWKSXEOLF
WUDQVSRUWDORQHVHFRQGVXEVHWRIWKHTXHU\VHW7DEOHFRQILUPVWKDWWKLVHQGHDYRULVVXFFHVVIXOLQPDQ\FDVHV,Q
WKH UDQJHH[WHQGLQJ GRRUVFHQDULR  RI WKHVH TXHULHV FDQ QRZ EH DQVZHUHG 8QIRUWXQDWHO\ WKH VXSSOHPHQW
VFHQDULRGRHVQRWIDUHZHOODWDOO
7R DVVXUH WKDW WKHQHZO\SRVVLEOH MRXUQH\V DUH YDOXDEOH WR WKHSDVVHQJHU WKHLU WUDYHO WLPHVZHUH FRPSDUHG WR
WZLFHWKHWLPHUHTXLUHGWRWUDYHOIURPWKHVWDUWWRWKHGHVWLQDWLRQE\FDU)RUDERXWDWKLUGRIWKHTXHULHVWKHIDVWHVW
FRQQHFWLRQGRHVQRWH[FHHGWKLVERXQG7KHVHMRXUQH\VDUHFDWHJRUL]HGDV³KLJKTXDOLW\´
7DEOH1HZUHVXOWVDQGWKHLUTXDOLW\&ROXPQ³QHZUHVXOWV´VKRZVWKHDPRXQWRIQHZO\HQDEOHGMRXUQH\V&ROXPQ³KLJKTXDOLW\´JLYHVWKH
SHUFHQWDJHRIMRXUQH\VZLWKDWPRVWWZRWLPHVWKHFDUWUDYHOGXUDWLRQ
 QHZUHVXOWV KLJKTXDOLW\
QHZLQVXSSO  
QHZLQGRRU  
QHZLQIXOO  
,QIRUPDWLRQ6\VWHP3HUIRUPDQFH
7DEOH  VKRZV WKH SURFHVVLQJ WLPHV LQ WKH GLIIHUHQW FRQILJXUDWLRQV 6XSSRUWLQJ RQH RI ERWK VFHQDULRV  HLWKHU
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EH DQVZHUHG VXFFHVVIXOO\ ZLWKRXW G\QDPLF ULGHVKDULQJ $ VLJQLILFDQW IUDFWLRQ RI WKHVH QHZ FRQQHFWLRQV DUH
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 )LUVW LQFOXGLQJ RIIHUV ZLWK YLD ORFDWLRQV DQG DOORZLQJ PXOWLSOH
SDVVHQJHUV SHU FDU ZKLFK LQWURGXFHV QHZ FRQVWUDLQWV RQ WKH GULYHU¶V VFKHGXOH DQG GULYHUSDVVHQJHU PDWFKLQJ
6HFRQG LPSOHPHQWLQJDQRQOLQHPRGHZKLFKUHURXWHV WKHGULYHUGXULQJDQRQJRLQJ MRXUQH\7KLVFRXOG LQFUHDVH
FRYHUDJHDQGHYHQPLJKWDOORZWRUHURXWHSDVVHQJHUVRQWKHLUSXEOLFWUDQVSRUWMRXUQH\LQFDVHRIFRQQHFWLRQIDLOXUHV
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